INTRODUCTION
Assessment of extinction risk among populations is one of the central problems of conservation biology. The development of reliable, yet practical, methods to assess extinction risk is an active and controversial area of investigation (Simberloff 1988 , Mace and Lande 1991 , Boyce 1992 , Burgman et al. 1993 , Caughley 1994 , Taylor 1995 , Mills et al. 1996 . Extinction risk is typically assessed in terms of ecological and demographic risk factors (Caughley 1994) . Data−intensive methods such as population viability analysis (Gilpin and Soulé 1986 , Boyce 1992, Beissinger and Westphal 1998) can be useful when extinction risk of only one or a few populations is in question. When species consist of many populations that may be declining on a local or regional basis, the extinction risk of many local populations must be considered. In such cases, assessments of extinction risk may be obtained by quantitative methods, such as incidence−function analysis (Hanski 1997) , or by qualitative ranking methods that incorporate varying types of information (Mace and Lande 1991 , Given and Norton 1993 , Allendorf et al. 1997 . Each method incorporates information on different temporal and spatial scales, and may give potentially different, but complementary, answers to the question of extinction risk (Table 1) . 
GENETIC INFORMATION AND ASSESSING EXTINCTION RISK
In this essay, we briefly consider the potential for patterns of variability in neutral genetic markers to serve as indicators of extinction risk. Although linkages between extinction risk and genetic variability may be obvious to population biologists, opportunities for management applications are only beginning to be fully realized. Our goal in this essay is to focus more attention on the potential utility of genetic variation to serve as a symptom, rather than a cause, of extinction risk (e.g., Caro and Laurenson 1994 , Frankham 1995 , Lande 1995 , Hedrick et al. 1996 . A growing literature on the possibilities of linking genetics and ecology in conservation biology (Hastings and Harrison 1994 , Milligan et al. 1994 , Moritz 1994 suggests that this may be a fruitful approach.
Genetic analysis of population structure typically involves estimating the amount and distribution of genetic variation within and among populations. There are several lines of evidence suggesting that patterns of genetic variation, both within and among populations, may be related to the extinction risk of populations.
Patterns of genetic variation may have a very strong historical component (Slatkin 1985) and, thus, may be a product of very long−term processes. Under many conditions, the effects of historical events can persist for many generations (Avise et al. 1987 , Boileau et al. 1992 . Historical processes that may decrease genetic variation within populations and increase variation among populations include drift, in small populations, and founder and bottleneck effects (Nei et al. 1975 , Boileau et al. 1992 , Leberg 1992 , DeMarais et al. 1993 , Frankham 1996 , Richards and Leberg 1996 . Extinction−recolonization dynamics also may decrease differentiation within and among local populations, particularly when population turnover rates are high (Hedrick 1996, Hedrick and Gilpin 1996) .
This linkage between population size and variability and genetic variation suggests that levels of within− and among−population variability may reflect the relative risk of extinction among populations (Fig. 1) . In theory, extinction risk may be inversely related to population size and positively related to variability in population size (e.g., Shaffer 1981 , Goodman 1987 , Lande 1993 see Fig. 1) . This relationship has been suggested for some empirical data, but generalization of this pattern remains controversial (see Pimm et al. 1988 , Schoener and Spiller 1992 , Tracy and George 1992 and should be regarded as a working hypothesis.
If our characterization of relationships between genetic variation and extinction risk is correct ( Fig. 1) , then levels of within−population genetic variation and estimates of extinction risk may be inversely related. A recent review of patterns of within−population variability across a wide range of taxa (Frankham 1996) supports this generalization. Frankham found direct correlations between levels of within−population genetic variation and measures of population size, and significantly lower levels of genetic variation in endangered vs. nonendangered species. At the among−population scale, recent empirical study of a butterfly metapopulation (Saccheri et al. 1998) similarly found a direct correlation between the extinction risk of local populations and heterozygosity. Saccheri et al. also provided circumstantial evidence to implicate inbreeding in populations with reduced heterozygosity as a mechanism contributing to local extinctions. In this example, reduced genetic variability may be a symptom, as well as a cause, of local extinctions.
Certainly, discrepancies from hypothesized patterns in Fig. 1 are expected. Such discrepancies may reveal instances in which demographic or ecological events have not been appropriately incorporated into assessments of extinction risk, or cases in which genetic variability is a poor indicator of risk (see Caveats and conclusions). Examples of potential discrepancies will be described.
First, if an extinction risk assessment using ecological or demographic methods predicts a high probability of persistence for a particular population, but levels of observed within−population genetic variability are low, then historical (or infrequent) events not captured in the assessment may need to be considered. Low levels of within−population genetic variation may indicate the occurrence of environmental catastrophes or other events that have caused population bottleneck or founder events not detectable in short−term demographic or ecological surveys (e.g., Fig. 2 ). Unless populations are tracked for many generations, patterns of genetic variation may be the only way to reconstruct or infer the occurrence of catastrophic events that may be crucial in terms of extinction risk (Mangel and Tier 1994 , Young 1994 , Foley 1996 . A second discrepancy may arise when ecological or demographic methods predict a low probability of persistence for a population, but within−population levels of variability are relatively high. A potential example is provided by bull trout (Salvelinus confluentus) populations in streams of the Lake Pend Oreille basin, Idaho, United States. Extinction risk assessments based on time series of redd (gravel pits excavated by female trout for egg deposition) counts suggested that bull trout populations in streams with consistently low redd counts were likely to go extinct within the next 100 years (Rieman and McIntyre 1993) . Recent genetic analyses (Spruell et al. 1999 ) revealed, however, that levels of genetic variability within populations were not related to population size as indexed by redd counts. This finding has motivated the development of more realistic demographic models (D. Lee and B. Rieman, U.S.D.A. Forest Service Rocky Mountain Research Station, personal communication), increased scrutiny of redd counts as an index of population size, and re−evaluation of the population structure of bull trout in general (Dunham and Rieman 1999) .
A similar example can be found for pika (Ochotona princeps). Extinction and recolonization dynamics of habitat patches in a pika metapopulation suggested loss and coalescence of genetic variation (Gilpin 1991, Smith and Gilpin 1997) . However, analysis of multilocus DNA fingerprinting data revealed high levels of heterozygosity (Peacock and Smith 1997) . Mark−recapture data, combined with genetic data, revealed an important component of gene flow, among−patch movement in between extinction events, not captured by extinction−recolonization dynamics. The additional component of juvenile dispersal to occupied patches appears to be important to patch occupancy rates, patch persistence, and maintenance of genetic variation (Peacock and Smith 1997) .
As with patterns of within−population variability, patterns of genetic variation among populations may provide useful information about extinction risk. Patterns of genetic variation among populations are often used to infer levels of migration or gene flow. Migration rates from genetic data are typically derived from F statistics or analogous measures of among−population genetic variability (Neigel 1997) . This approach assumes a migration−drift equilibrium, which may not be valid in many situations, especially for organisms prone to local population bottlenecks or founder events (Boileau et al. 1992 , Slatkin 1993 . Species with such dynamics may pose difficulties in terms of estimating demographic parameters (e.g., dispersal), but patterns of genetic differentiation among populations may be useful for identifying populations at risk of extinction.
When populations become subdivided by habitat fragmentation, founder events, or similar biogeographic or ecological processes, among−population genetic differentiation will theoretically approach a migration−drift equilibrium at a rate determined by time since divergence, migration rate, and population size (Boileau et al. 1992) . The approach of populations to a migration−drift equilibrium can take many generations for some species, particularly when founder events or genetic bottlenecks are followed by rapid population increases to a relatively large size (Boileau et al. 1992 ). Slatkin (1993) proposed statistical methods for detecting nonequilibrium genetic differentiation in natural populations. When genetic differentiation is a function of geographic distance between local populations, pairwise estimates of gene flow should be inversely related to interpopulation distances at equilibrium (Slatkin 1993) . Low estimates of gene flow, coupled with lack of isolation by distance, may indicate nonequilibrium genetic differentiation due to bottleneck and founder effects, or extreme isolation (Boileau et al. 1992 , Slatkin 1993 , Britten et al. 1995 . The result is that genetic differentiation may be overestimated and gene flow underestimated.
If populations experiencing isolation due to habitat fragmentation or frequent bottleneck and founder events are at greater risk of extinction, then the isolation by distance method (Slatkin 1993 ) may be used to identify at−risk populations (Fig. 3) . Pairwise estimates of migration should be an inverse function of the geographic distance separating populations at equilibrium (Slatkin 1993 ; see Fig. 2 ).
Although not yet described for any data sets that are familiar to us, it may be that unique functions (e.g., curvilinear or piecewise) may be necessary to describe isolation by distance when dispersal is not a linear function of geographic distance. For simplicity in this discussion, we assume a linear relationship (Fig. 3) . A species may consist of both equilibrium and nonequilibrium local populations (Hellberg 1995 , Green et al. 1996 ; see Fig. 3 ). For example, patterns of nonequilibrium divergence suggesting low migration rates due to isolation or severe constrictions in population size (e.g., open circles in Fig. 3 ) may indicate isolation by fragmentation, or perhaps the genetic legacy of a catastrophic disturbance. Similar patterns of nonequilibrium divergence have been linked to long−term climate change and fragmentation of aquatic habitats for southern spotted frog populations (Rana pretiosa, Green et al. 1996) . In the case of a group of pocket gopher (Thomonys bottae) populations in central California, low estimates of gene flow and nonequilibrium divergence may have resulted from extreme isolation (Slatkin 1993 ; see also Britten et al. 1995) . For a second group of pocket gopher populations, lack of isolation by distance and high estimates of gene flow suggested an alternative pattern of transient disequilibrium produced by recent colonization events (Slatkin 1993) .
CAVEATS AND CONCLUSIONS
The extent to which patterns of genetic variability reflect extinction risk will depend upon how alternative demographic and ecological conditions are related to extinction risk. For example, we suggest that patterns of within−population genetic variability may indicate the occurrence of past catastrophes, events that may cause local extinctions. Although some theoretical work suggests that conventional assumptions about extinction risk from catastrophes may be exaggerated (Lande 1993) , empirical evidence from natural populations (e.g., Young 1994 , Foley 1996 suggests that catastrophes may be of sufficient magnitude and frequency to pose substantial risks to the persistence of local populations (see also Mangel and Tier 1994) .
It is also likely that some species with limited within−population variability, or nonequilibrium population structure, may be well adapted to persist in the face of extreme isolation or small population size. This may be the case for species that inhabit naturally isolated, but relatively stable habitats.
Finally, past threats to populations (e.g., harvesting, land use, disease, etc.) may no longer be relevant to present or future extinction risk. This possibility must be considered carefully because information on past extinctions may not be useful in contemporary risk assessments and vice versa.
Different methods and approaches to estimating the risk of extinction integrate information on a variety of spatial and temporal scales (Table 1) . For example, incidence functions (Hanski 1997) incorporate information on broad−scale patterns of local extinctions that may have occurred in the recent past, or during historical events that occurred decades, hundreds, or even thousands of years (or generations) ago. Furthermore, incidence functions often provide only a "snapshot" or static picture of species' occurrence. For many species, it may be difficult to study temporal patterns of occurrence, because extinction and recolonization of habitats may occur on very long time scales (e.g., Dunham and Rieman 1999) .
Methods of assessment based on detailed demographic data from extant populations, such as population viability analysis, are generally limited to one or a few local populations and relatively short time scales, which may not represent the regional dynamics of a species (Middleton and Nisbet 1997) . Furthermore, large data requirements and model uncertainty may limit the utility of demographic viability models to produce reliable extinction risk estimates (Mills et al. 1996, Beissinger and Westphal 1998) .
Patterns of genetic variability are based on extant populations, and should incorporate information from a large number of populations. This is because processes occurring on a variety of spatial and temporal scales may influence patterns of genetic variability. There are no simple or general guidelines for exactly how genetic, demographic, and ecological information should be integrated. However, the examples presented here illustrate that the complexity of long−term population dynamics may not be revealed using any single approach. Here, we emphasize the potential of genetic information to complement inferences from demographic and ecological approaches and encourage managers to carefully consider the evidence from each of these diverse sources of information in extinction risk assessments.
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